I. Introduction
Ferroelectric ceramic perovskites with ABO 3 -type structure such as lead zirconium titanium oxide Pb(Zr,Ti)O 3 and its solid solutions represent the most widely used class of materials in piezoelectric actuators and transducers for their piezoelectric and dielectric properties. 1 In this paper, we report and discuss the results of our EXAFS analysis of PZT:SNO highperformance piezoelectric materials. In addition, we discuss their underlying intricate defect chemistry that is central to their exceptional materials properties.
two to three scans were performed on samples of model compounds STO, SNO-1 and SNO-2, but 17 scans were run on PZT:SNO samples over the course of about 7.5 hours.
The EXAFS function χ(k) describes the normalized oscillations measured above a given absorption edge. 25 The photoelectron wave vector k is determined by 2 0
, where m e is the electron rest mass and E is the photon incident energy. E 0 is the photoelectron threshold energy, arbitrarily determined from the energy position of the half-height of the given absorption edge. The outgoing photoelectron can be backscattered by neighboring atoms and can therefore interfere with itself in the vicinity of the absorbing atom.
This interference modulates the absorption coefficient in a manner proportional to the number of generated photoelectrons. χ is therefore defined as χ=µ a /µ 0 -1, where µ a is the absorption from the atomic species of interest and µ 0 is an approximation of this absorption in the absence of EXAFS oscillations. In fluorescence mode EXAFS measurements, the true χ is approximated by χ exp =I f /I 0 -1, where I f is the measured fluorescence flux and I 0 is the incident flux. As these data are subject to self-absorption of the fluorescence photons, we made a correction for this effect to obtain an approximation to the true χ. 26 Given the high quality of the transmission data on STO samples, we were able to verify the accuracy of the self-absorption correction on the fluorescence data. Although the correction was quite large (20-30 %) in the model compounds, the correction was only about 1 % in case of PZT:SNO samples where only the fluorescence data is usable. The data were also corrected for the dead time of the Ge detector. All recorded EXAFS data were reduced and fit in real space using the RSXAP programs, [27] [28] [29] utilizing theoretical photoelectron backscattering amplitudes and phases generated by the FEFF7 code. 30 In particular, µ 0 was approximated by a 7-knot cubic spline. 
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The cryolite-type structure of dopant SNO-1, illustrated schematically in Figure 3a , is closely related to the perovskite-type ABO 3 structure (Figure 1 ). This relation becomes readily apparent by comparison with Figure 3b , which shows a portion of the upper right region of the unit cell displayed in Figure 3a . With the co-existence of both Sr 2+ and Nb 5+ ions, octahedral Bsites in the cryolite-type structure of SNO-1 (Figure 3a) Figure 5 as a function of the photoelectron wave vector k. A Fourier transform of these EXAFS data produces peaks as a function of the scattering distance r (x-axis on Fourier transform) from the backscattering atoms, corresponding to scattering shells in the polycrystal ( Figure 6 ). 25 However, phase shifts of the photoelectrons at both the absorbing and backscattering atoms or ions create shifts from the real bond length R for a given pair, as well as constructive and destructive interference. Therefore, careful fitting with established scattering functions was required to extract quantitative local structure information. First, fits to SrTiO 3 (STO) data are described that help establish the overall scale factor S 0 2 . Next, the efficacy of the fitting model for determining Sr B-site occupancy is tested on the SNO samples. Finally, the PZT:SNO fits are described.
Fits to the measured EXAFS data of the STO model compound gave results that are consistent with the expected perovskite structure. The pair-distance distribution variance σ 2 for the nearest Sr-O neighbors was fairly large and could not be explained solely by thermal vibrations, indicating a possible local lattice distortion that was not expected from X-ray crystallography. The typical overall scale factor for Sr K-edge EXAFS analysis is S 0 2 =1.0; 35 however, the measured overall scale factor is S 0 2 =1.35 for the present data (reproducible within ~5 %). This discrepancy is likely due to a correlation between the presence of a local lattice distortion and an enhanced overall scale factor in the fits. When the overall scale factor was fixed at S 0 2 =1.0 in our EXAFS analysis and the resulting pair-distance distribution variance values were subsequently fit with a correlated Debye model, 36 we obtained the reasonable result that the Sr-O bond has a slightly enhanced non-thermal variance (i.e. static disorder) of 0.0020 (7) Figure 3a with the perovskite-type ABO 3 structure shown in Figure 1 . 
